of action of heat stress and establishing tissue tolerances, we hope to be able to selectively treat some cancers in this way.
Mechanism of action
Heat stress damages cells by causing disorganization of molecular bonds resulting in the death of sensitive cells either by cytoplasmic effects or by direct damage to DNA ( Figure I ). In the cell wall there is a, change in the fluidity of the lipid component resulting in leakage of ions (Belehradek 1957 , Bowler et al. 1973 . Aerobic glycolysis is inhibited (Turano et al. 1970) , and consequent anaerobic glycolysis causes a fall in intracellular pH resulting in activation of Iysosomes (Overgaard & Overgaard 1975) . Breaks occur in the DNA strands ) and these are not repaired because heat stress changes the molecular form of the repair enzymes (Bronk et al. 1973) . Inhibition of protein synthesis further depletes enzyme availability (Modovi et al. 1969) .
Materials and method
In the present series, 125 treatments were carried out in 42 patients. It was found that even slight bladder distension proved uncomfortable, and because of the variation in flow rate due to bladder contraction, the temperature was difficult to contro!' Continuous epidural anaesthesia allowed relaxation of the bladder and a steady flow rate to be achieved at constant temperature ( Figure 2 ). Under epidural or general anaesthesia, the nature and extent of the tumour was established by cystoscopy and bimanual examination. Biopsies were taken from the tumour and from the normal bladder mucosa. The bladder capacity was measured and a 24F, three-way Foley catheter was introduced into the bladder and inflated with 5 em:' of warm saline. The bladder was then washed out to remove air bubbles and perfused with normal saline which was heated by passing through a heating coil inserted in a water bath. The outflow ascended over a gradient to an overflow tank, the height of which was adjusted so that slightly less than the known bladder capacity caused overflow. This was usually at a height 15-20 em above the symphysis pubis, and treatment was well tolerated by patients ( Figure 3 ). Thermocouples were used to measure inflow, outflow and rectal temperatures. A further probe was attached to the skin of the abdominal wall suprapubically. Perfusion was at a constant rate of 3 litres per hour, the inflow temperature being adjusted to give an outflow temperature of 44°C. At the end of the 
Mins Figure 4 . Comparison between temperature/time relationship for 100% necrosis of various animal tumours and normal human skin (from Ludgate 1977) treatment session the tumour and normal bladder were assessed as at pretreatment, and a Foley catheter was left on free drainage for 24 hours. The subsequent effects of treatment were assessed by cystoscopy, bimanual examination and biopsies. These were initially taken two weeks after treatment and thereafter at six-weekly intervals.
Results
All patients treated had Stage III invasive transitional cell carcinomas recurrent following radiotherapy and most presented with haematuria not controllable by local cystodiathermy. In all patients the only alternative which could be considered was palliative cystectomy. At an outflow temperature of 44°C there was little damage to the tumour or normal bladder after one hour's perfusion, but destruction of the bladder mucosa resulted after four hour's perfusion (Ludgate, Mclean et al. 1976) . It was not possible to destroy tumour without severely damaging the normal bladder. From Figure 4 , which compares thermal death times for various animal tumours against normal human skin, it can be seen that four hours at 44°C is well within the thermal death time for sensitive tumours. By decreasing the outflow temperature to 43°C and perfusing for longer periods, it was hoped that the therapeutic rates might be improved. Unfortunately, the damage to the tumour was accompanied by an unacceptable amount of normal tissue destruction.
The alternative of fractionation by giving one-hour treatments on five successive days was then evaluated. Unfortunately, the fractions did not summate and the effects on the tumour and the normal bladder were those of the largest single treatment given. This is in agreement with previous studies on whole body hyperthermic fractionation (Ludgate, Webber et al. 1976) . The limitation of the use of hyperthermia in treatment of bladder cancer appears to be the sensitivity of the vascular endothelial cells to heat damage, resulting in acute vascular thrombosis in the mucosal and muscular layers.
This mechanism probably accounted for the effectiveness of hyperthermic perfusion in arresting uncontrollable haematuria in a group of 6 patients (Table I) . No patient with a normal capacity bladder that was capable of distension failed to stop bleeding, and the large safety margin makes this treatment safer than formalin or similar sclerosants in arresting uncontrollable haematuria, especially in patients with telangiectasia following radiotherapy. 
Discussion
When heat is used for therapy there is a changing heat gradient through the tissues which varies with the rate of blood flow. The gradient for surface heating techniques is approximately 1°C per millimetre of skin tissue (Moritz 1947 ) and at temperatures above 44°C there is little difference in death rate between cells of differing heat sensitivity (Moritz 1947) . Inhibition of oxygen uptake occurs at temperatures above 40°C in heat-sensitive cells (Dickson & Shah 1972) , supposing limits of 40-44°C for differential therapeutic effectiveness, and thus the maximum depth from surface heating is about 4 mm. . Initial reports in the literature suggested that perfusion at temperatures up to 45°C were well tolerated by patients and caused no permanent bladder damage (Lunglmayr et al. 1973 , Hall et al. 1974 . This was surprising in view of the results of Moritz (1947) and the explanation may be that the whole bladder was not being exposed to the temperature stated. Possibly the contracted bladder formed folds of mucosa which shielded the tumour and remaining normal bladder from the perfusate. As one fold became irritated it contracted out of the perfusate, the bladder protecting itself by exposing a constantly changing face to the perfusate. We therefore tried to distend the bladder by making the outflow from the three-way Foley catheter ascend over a gradient. By perfusing the distended bladder it was possible to effect a reproducible dose response rather than the patchy changes observed by previous authors.
Future studies
Local hyperthermic perfusion with a I~0 solution of ethoglucid (Epodyl) has only slight advantages after the use of ethoglucid alone. Treatments do summate but the maximum perfusion time is limited to 30 minutes after which an angry superficial cystitis is produced. What is required, and is being developed at the present time (Guy 1975) , is a means of delivering thermal stress to a localized high-dose volume without using surface conduction. This could be usedto locally potentiate systemic chemotherapy (Gerweck et al. 1974) or, if given at right angles to an X-ray beam, offer a combined therapy which could be tailored to suit tumour sensitivity.
Summary
The mechanism of action of hyperthermia is reviewed and the limitations in terms of maximum surface temperature of 44°C with a perfusion gradient of 1°C per mm stated. Previously reported unpredictable responses to hyperthermic perfusion of the urinary bladder were due to technique, and by perfusion of the distended anaesthetized bladder a reproducible dose response was achieved. The therapeutic ratio was not sufficient to allow tumour cure without considerable damage to normal tissue in a single treatment. Methods of improving the therapeutic ratio are suggested.
